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Thus, the main objective is to investigate and compare the water flow behaviour around a

circular bridge pier with and without fender installations, using Computational Fluid Dynamics KEYWORDS
(CFD). In order to study performance of circular pier under the influence of water flow, single Circular bridge pier
phase Reynolds-Averaged Navier-Stokes (RANS), Finite Volume Method (FVM), k — epsilon CFD

and k — Omega turbulence models have been adopted in the simulation to reflect the boundary Water flow behaviour
turbulence conditions. The outcome of the study indicates that installation of barriers managed Barrier

to reduce adverse pressure gradient formation, leading to lesser strength of horseshoe vortex

of the water flow behaviour surrounding the circular pier. In conclusion, CFD simulation tool

offers effectively analyses and understands water flow behaviour around circular bridge piers,

both with and without barriers installed in current study.

1. INTRODUCTION

Safety of bridges and structures safety during extreme weather such as floods and storms should be addressed critically
since these structures may lose their stability due to natural disaster impacts. One of the main causes of bridge failures is
due to the floods phenomenon when the water suddenly turns turbulence as the water impact increases on the surrounding
of bridge piers. Mitoulis et al. [1] stated that the biggest threat to infrastructure and bridges is flooding. This infers that
the damage to the bridge’s structure will suffer greatly when subjected to flood impact. Gautam and Dong [2] stated that
floods can be disastrous to bridge structures. The resulting damage of the bridges may disrupt the transportation system
and lead to economic loss as it takes time to recover. Flood induced bridge failure can be attributed to scouring,
deterioration, sedimentation, water pressure, hydrodynamic forces, debris impact, and log impact [3-4]. Liang et al. [5]
explained that due to the presence of the pier, the flow is blocked, and the velocity is at complete rest (equal to 0) which
results in an increment of water pressure at the pier surface. Gradually, the velocity and the pressure at the pier surface
will decline and create a pressure gradient along the stagnation line. Then, the flow is forced to drive downward causing
erosion and induced a scour hole at the pier base. A helical vortex called horseshoe vortex is formed within a scour hole
due to the interaction of downward flow and incoming flow as shown in Figure 1. Singh et al. [6] stated that the stagnation
line will accelerate the flow by the side of the pier. The separation of flow occurring around the pier will create the wake
vortex which flows as tornados that lift the sediments and put it in suspension away from the base pier region [7]. As the
vortex gets distant from the pier, the sediments start to be deposited downstream of the pier due to the drastic depletion
of the vortices’ intensity. Even though both vortices cause scours, their critical differences to each other with horseshoe
vortex has a more severe effect. The existence of bridge piers not only significantly influence the scour hole formation
but also the water velocity and fluid pressure distribution during floods. As claimed by Bombar [8]. the presence of piers
causes steeper velocity profiles and reduces stream-wise velocities, with larger piers causing greater reductions. The
change in flow pattern around the pier is influenced by the pier Reynolds number. Huang et al. [9] mentioned that with
the presence of guide panels will reduce the scour depth by 90%. On the other hand, Vaghefi et al. [10] and Ning et al.
[11] used spur dikes and the water flow will be weakening.

Misuriya et al. [12] investigated the flow field around a pier with a circular section on a gravel bed. To assess the
impact of flow depth relative to the pier diameter, the study analysed vorticity, Reynolds shear stress, and turbulent kinetic
energy. Grioni et al. [13] employed computational fluid dynamics to examine the flow around a cylinder in the vicinity
of a solid surface. Ramos et al. [14] mentioned that studies on flow on a circular cylinder shape is relevant in many
engineering fields. The flow disturbance around a circular cylinder tends to induce scours around the structures. For many
years, due to the complexity of the flow structures conducted in experiments, the numerical modelling of the flow around
piers has been gaining attention. The authors suggested that further quantitative numerical models will be beneficial
compared with the efforts in the experiments.
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Figure 1. Flow pattern on circular bridge pier [7]

Ghadeeri and Abbasi [15] had performed a study numerically by using FLOW-3D model to investigate local scour
around airfoil-shaped pier with collar. FLOW-3D models utilize the volume of fluid (VOF) method to analyse three-
dimensional flow and perform free surface modelling by solving Reynolds averaged Navier- Stokes equations. Vaghefi
et al. [10] stated that installation of spur dike reduced the scouring by 50% compared to a case when no spur dike is
installed. Ning et al. [11] conduct the experiment for a grouped spur dikes with different spacing on a straight path and
identified that the more spacing between the spur dikes will weaken the shielding effect. Wu et al. [16] simulated the
laminar flow over a stationary circular cylinder with a flapping plate, using a Reynolds number of 100. The wake flow at
the rear of the cylinder and plate was strongly influenced by the amplitude and frequency of the plate's motion.
Additionally, the presence of the flapping plate altered the flow structure. Sowoud et al. [17] conducted a numerical
simulation to evaluate the use of the standard (k-g£) model and investigate the impact of Reynolds number on the flow
around a circular cylinder. Jasim et al. [18] mentioned that mentioned that the flow of water is significantly influenced
by the geometrical shape of the pier, with cylindrical piers showing the best performance by causing minimal disturbance
to the flow. Recent studies have focused on the turbulence characteristics that contribute to scour around circular, tandem,
staggered, and oblong pier arrangements [19-20]. Thus, the main objective is to investigate and compare the water flow
behavior around a circular bridge pier with and without fender installations opting Reynolds-Averaged Navier-Stokes
(RANS), Finite Volume Method (FVM), k — epsilon and k — Omega turbulence model. The flow behaviour around a 2-
dimensional (2D) cylindrical pier in a flat fixed bed, representative is further studies to achieve aims of current studies.

2. METHODOLOGY

Current study focused the flow behaviours around circular bridge pier that is modelled by using ANSYS Fluent
software by opting for approaches such as Finite Volume Method (FVM). There are two cases of model being considered
where the first case is a circular pier subjected to water flow. Meanwhile the second case is barriers placed at the upstream
of the circular pier. Further details of the simulation modelling and validation were based on studies by Prasanna and
Kumar [21]. Current study adopted the Reynolds-Averaged Navier-Stokes (RANS) equations as a flow solver (water
flow). This approach involves solving two differential equations where one represents the generation of transport of
turbulence while the other represents the transport of dissipation of turbulence. Current study uses a single-phase flow
model that employs standard k — ® models to reflect the turbulence boundary conditions. The adopted models are
Turbulence Kinetic Energy (k) and the Dissipation Rate (omega, ®) since sediment transport and scour around the pier
are not included in the numerical simulation.

2.1 2D structure modelling using Ansys Fluent (Case 1)

Figure 2 shows structure modelling executed by referring to the geometry details obtained from Prasanna and Kumar
[21] studies. A 2D geometry of circular pier was modelled with 0.025 m diameter (scaled down) in a flat fixed bed. Next,
mesh was generated by using edge sizing and refinement methods were considered in the analysis. The edge sizing number
of divisions used is about 50 around the circular pier. Meanwhile, the refinement method is used in the mesh to accurately
simulate the surrounding of the pier using both quadrilateral and triangle meshing types. It is well known that small mesh
sizing will produce more accurate results during calculation. Thus, a coarser mesh was adopted away from the pier
boundaries to cover the whole domain. This is due to compute and accurately capture the surrounding of the pier. Figure
3 shows the mesh generation implemented in current study. Next, all sections such as inlet, outlet, channel walls, and
piers are created as named selection. Figure 4 shows four sections have been created based on Prasanna and Kumar [21]
studies. Before running the analyses, the solver type is set as pressure-based while the time is set as transient. Next, under
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the boundary conditions, all parameters for inlet, outlet, channel walls, and pier are set up according to the information
as tabulated in Table 1. Roughness constant is taken into consideration since it is a parameter that accounts for the
uniformity of the particles on the surface that varies between 0.5 to 1, the value of roughness constants is set as 0.5 to
indicate a uniform surface on the channel walls. A value of 0.041 m/s is set up as the mean velocity of the water (water
flow) along the channel from upstream to the downstream. Lastly, for the fluid material, water-liquid (H20-1) is chosen
and the model is completely ready to be analysed to achieve the objective.

E #0.025m |
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Figure 2. Geometry of the circular pier for Case 1

Figure 3. Meshing generated for Case 1
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Figure 4. Boundary conditions of circular pier for Case 1

Table 1. Boundary conditions of the piers [21]

Section Boundary Conditions

Inlet Velocity Inlet Velocity: 0.041 m/s
Turbulence Intensity, I: 7.219
Hydraulic Diameter (4R): 0.0568 m

Outlet Pressure Outlet

Channel Walls Wall (Stationary) No slip Condition
Roughness Height: 0.0 mm
Roughness Constant: 0.5

Pier Wall (Stationary)

2.1.1 Barriers at the Upstream of Circular Pier (Case 2)

Vijayasree et al. [19], Prasanna and Kumar [21], and a few other studies have highlighted the effectiveness of using
oblong piers in their research to examine water flow around the pier. Ghaderi and Abbasi [15] evaluated the effectiveness
of combination countermeasure by simultaneously altering the pier’s geometry shape and using collar. Farooq and
Ghumman [22] and Singh et al. [6] claimed there would be different impacts when mitigation is applied on the bridge
pier. There is the need for flow altering countermeasures which is important as it reduces the strength of horseshoe vertices
by changing the flow field. Therefore, barriers also known as fenders were proposed in the current study with a specific
angle (30°) and size, instead of using collars or oblong piers. The aim is to investigate and compare the behaviour of water
with and without the presence of fenders, in order to assess their effectiveness in protecting the existing pier. Therefore,
2 solid concrete fenders/ barriers were suggested and placed at the upstream of the circular bridge pier. The methods and
steps in modelling of the Case 2 are same with the previous one as per Case 1 only the differences would be additional
fenders were applied. Figure 5 and Figure 6 show the details of the geometry and mesh generated for Case 2.
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Figure 5. Dimensions of the geometry with barriers/ fenders at the upstream of circular pier for Case 2
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Figure 6. Mesh generated for Case 2

3. RESULTS AND DISCUSSION

Water velocity impact is one of contributors that leads to the bridge pier damages or collapse. Therefore, through
numerical analysis on the water velocity behaviours acting on circular bridge pier can be studied mainly velocity contour
and contour pressures. Current study validated using the 2-D model designed for Case 1 based on past studies by Prasanna
and Kumar [21] ensures that the current methodology is accurately implemented. In order to validate the model analysis
result, the modelling of the 2-D model was simulated under the same conditions such as geometry dimensions, meshing
size, and boundary conditions. Figure 7 shows the contours of the resulting velocity profile surrounding the pier with the
total length of wake region as water flows from left to right in the diagram. Meanwhile, Figure 8 shows the pressure
contour around the circular pier. With a mean velocity of 0.041 m/s, the maximum velocity obtained is 0.066 m/s where
it is occurring at the sides of the pier as indicated in the red shaded area in Figure 7. Due to the existence of the pier that
acts as an obstruction in the water flow, the velocity increases at the sides of the pier as the water flow is split up.

By referring to both Figure 7 and Figure 8. it is clear that the pressure is relatively high at the upstream sides of the
pier when the velocity is at rest which is equal to 0 m/s. Due to the presence of the pier, the flow is being disrupted and
eventually stops causing the pressure to increase. As the pressure gradually decreases along the downstream sides of the
pier, the flow is forced to move downward and may induce erosion at the pier base. This phenomenon is known as scouring
which comply with Liang et al [5] findings. From Figure 7, it can be observed that the stagnant point occurs at the
downstream side of the pier which causes the formation of a wake vortex. Since the total length of the wake region is 3.76
cm, it depicts that sand will accumulate in the wake region with a total size of 3.76 cm. The formation of the wake vortex
is because of the high velocity at sides of the pier that will push and transport the sediments to the downstream.
Unfortunately, due to the models computed in 2-D view, the results obtained are unable to predict the total depth of the
scour size since flatbed is assumed in current analysis. Table 2 shows the validation results show the percentage difference
that is calculated between results in the current study and results from the past study. As the percentage difference
achieved is within the requirement which is in good agreement and the results are acceptable. A total of ten positions are
chosen to depict the variation of the velocity values. Figure 9 and Figure 10 shows the validation of current study
compared with Prasanna and Kumar [21] studies.
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Figure 7. Velocity contours of the circular pier with the total length of wake region of current study

Figure 8. Pressure contours of current study

Figure 9. Velocity contours of the circular pier [21]

Table 2. Comparison of results based on Case 1 with past studies

Validation Results Percentage of
Case 1 Prasanna and Differences
Kumar [21] nt Study (%)
Max. velocity (m/s) 0.065 0.066 1.54%
Wake region length (cm) 4.940 3.760 23.89%
Dynamic pressure (Pa) 0.844 0.645 23.58%
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Figure 10. Comparison of velocity (m/s) for validation purposes

For Case 2 study, a simulation of 2-D circular pier with fenders which acts as a barrier is placed at the upstream of the
pier. Figure 11 shows the velocity profile surrounding the pier is noticeably different compared to the previous cases
(Case 1). For a mean inlet velocity of 0.044 m/s, a maximum velocity of 0.111 m/s that occurs at the side of the pier is
obtained. The maximum velocity in Case 2 is much higher than the Case 1 due to the existence of the panels. As stated
by Ralston [23] velocity increases when there is a barrier or obstructions along the water flow. Even though the velocity
achieved is higher than the first cases, the region with 0 m/s velocity as marked in the blue region is bigger. This indicates
that the potential of a scour hole is hard to be formed as the velocity value is too small that is unable to transport the
sediment.

Figure 11. Velocity contour of the second cases

4. CONCLUSIONS

Structure resistance such as bridge pier to flooding is a critical parameter that should be taken into consideration in
analysis and design to prevent any structure failures mainly under natural disasters. Moreover, the flood phenomenon has
the ability to cause a turbulence flow that leads to increases of water velocity that may impact the bridge piers. The main
objective is to investigate and compare the water flow behaviour around a circular bridge pier with and without fender
installations, using Computational Fluid Dynamics (CFD). Thus, in the present study, the water velocity behaviour
surrounding the circular piers was numerically studied under two different cases. Case 1 is circular pier without fenders
and Case 2 circular pier with addition of fenders as barrier. Reynolds-Averaged Navier-Stokes (RANS) implemented in
the simulation, as it employs the standard k — @ model to reflect the boundary turbulence conditions. Using ANSYS-
Fluent software, the models have been successfully simulated in order to study the water behaviours impact acting on the
surrounding circular pier. For Case 1, the water velocity is relatively high at the sides of the pier where the minimum
value is about 0.035 m/s. Next for Case 2, when fenders have been placed at the upstream of circular piers, analysis shows
that maximum velocity is increased by 68%. Furthermore, the maximum velocity as indicated in the red region is lessened
around the pier Case 2. Besides, compared to Case 1, the water velocity impacting the pier at Case 2 is at maximum which

journal.ump.edu.my/construction 252



Yusofetal. | Construction| Volume 5, Issue 2 (2025)

indicates a lower pressure distribution to the pier since the relationship between water velocity and water pressure are
inversely proportional. The outcomes of analysis discovered that installation of fenders may reduce the water impact at
the circular pier that might potentially reduce scour hole formation at the wake region as the velocity obtained is very
low. It can be observed that the fenders also acted as barriers to reduce adverse pressure gradient formation, leading to
lesser strength of horseshoe vortex of the water flow behaviour. In conclusion, the CFD simulation tool effectively
analyses and clarifies the impact of water flow around circular bridge piers, both with and without fenders. In the future,
the study recommends incorporating the effects of scouring to gain a deeper understanding of how water impact influences
the stability of bridge piers.
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